Abstract. Concrete is the most widely used building material all around the world which has been undergoing many changes aligned with technological advancement. The most recent available type of concrete is high performance concrete which is produced employing different admixtures both chemical and mineral to enhance mechanical and durability qualities. As sustainability emerged as an indispensable factor in concrete industry, many researchers targeted micro sized mineral admixtures such as silica fume, fly ash, rice husk ash, slag and so on in order to replace Portland cement which is known to be responsible for almost 7% of carbon dioxide emission into atmosphere.Recently, technology has made it easy for scientist to study nanoscale admixtures and their effect on structure of concrete. This paper reviews nanomaterials in cement composites and how they can improve different properties of concrete.
Introduction
Significant qualities of concrete such as being low cost, moldable, adaptable, and fire resistant and being easily engineered make it the most widely used building material all around the world. Every year more than 1 m 3 is produced per person which is more than 10 billion tons a year [1] . Fast growing technology has helped the scientist to enhance different qualities in concrete. High strength concrete (HSC) and High Performance Concrete (HPC) are examples of cooperation of different science in fulfillment of a dream for a promising building material.
Incorporation of admixtures both chemical and mineral including industrial byproducts and agro wastes such as silica fume, fly ash, rice husk ash, palm oil ash and etc.has been a breakthrough in improving the mechanical properties of concrete as well as durability issues such as impermeability and chemical attack resistance. Different tests have been implemented to show the effectiveness of admixtures on various qualities of concrete as well as decreasing itsharmful impacts on nature. There are vast amount of natural resources needed to produce tons of concrete annually such as water and sand. Also cement industry is responsible for almost 7 % of all CO 2 emitted to atmosphere. Demolition and need for disposal of concrete structures, pavements, etc., creates another environmental burden. By using industrial byproducts and agro wastes in concrete the amount of natural resources and cement being used in concrete will be reduced. A case study by Isaia(2000) reveals that a reduction of up to 67% of the energy requirements and 80% in the cementing materials cost may be expected when pozzolan additions of up to 50% are used. With 25% of pozzolans added, energy requirements may drop by 33% and cost by 20% [2] .After introduction of nanotechnology by the physicist Richard Feynman in 1959, a new approach towards concrete industry started. Furthermore, technological advancement enabled scientists to study the incorporation of nanoparticles in cement composites and its effect on microstructure of concrete. This paper reviews the incorporation of different nano particles in high performance concrete.
Nanomaterials
Nano silica (nS).In terms of concrete microstructure, K.L. demonstrated that by nS addition (1 and 2% bwoc) the relative permeability and pore size decreases [3] . Porosity was also reported to belower due to nano silica application in concrete paste [4] . Also, different electronic microscope techniques (SEM, ESEM, TEM and others) revealed that the micro structure of nano silica concrete is more uniform and compact than of normal concrete with stronger bond between cement matrix and aggregates due to reaction with Ca(OH) 2 crystals and reduction of the size and amount of them [5] .Except for the decrease inCa(OH) 2 content, nano silica increases chemicallycombined water content and heat of hydration [6] .The decreasein the amount ofCa(OH) 2 reveals the beneficial effect of nano-silica in controlling calcium ion leaching especially when subjected to accelerated leaching [5] .
As for strength in concrete,Jung J. Kim et al (2010) conducted experiments on concrete samples containing nano silica to study the stiffness in concrete. The results showed that increasing the nano silica content improves the strength and stiffness of the cement paste and, therefore, increases the ability of the cement paste to absorb energy represented by the area under the stress-strain curve [7] .In an experiment byJuan J. Gaitero et al (2010) it was observed that application of nano silica can improve compressive strength up to 30% [4] .The optimum amount of nano silica in order to achieve maximum compressive strength was reported to be 0.5% by weight of cementitious material [8] .Moreover, in research by J. Schoepfer et al (2009)it was shown that significant increase in strength would be achieved with decrease in particle size of the silicon dioxide down to 12 nm [9] .
Nano silica seems to be effective in improving the qualities of recycled concrete too. In a study by P. Hosseini et al (2009) it was demonstrated that in recycled concrete, adding 3% of nano silica leads to higher compressive strengths than for conventional concrete. But increasing nano silica quantity resulted in lower workability of concrete [10] .
Carbon nanotubes( CNT).
Carbon nano tubes (CNT) actas bridges across cracks and voids to form reinforcing mechanism and arrest cracking in cement matrix due to their high aspect ratio and nanoscalediameter. It reduces fiber spacing and the flexural strength, compressive strength, and failure strain of cement matrix composites areimproved [11] . SEM micrographs show that CNTs have strong bonding force with dense hydration products [12] . Up to 25% and 50% increase of flexural strength and Young module of plain cement have been reported [13] . Ying Li et al. [14] found that the compressive strength increases up to 19%, while the flexural strength increases up to 25% in mortars by employing only 0.5% of CNTs in weight with respect to the cement content. As for splitting tensile strength, addition of 0.2% CNTs per weight of cement increased splitting tensile strength of 22% in Portland cement composites and 26% in samples containing silica fume. Considering stiffness, CNTs cause higher quantity of C-S-H with higher E-modulus and hardness [15] . C-S-H stiffness is accompanied by reduced nanoporosity, due to small diameters (20-40 nm) of CNTs. This causes the reduction of the capillary stresses, resulting in a beneficial effect on the early strain capacity of the nanocomposites [16] .
Incorporation of CNTs in concrete provides electromagnetic interference shielding and also these composites are capable of nondestructive flaw detection [16] . Since the electrical resistance of the CNT/cement composites changes proportionally to the compressive stress levels they can be used as a stress sensor for civil structures [17] . The ductility, the fire resistance [18] , decreasing thermalconductivity [19] , chemical resistance [20] , increasing absorption property [21] and increased service lifetime of the constructions [19] are other beneficiary effect of CNTs on concrete.
Nano clay. Incorporation of nano clay is reported to enhance the tensile strength in cement composite up to 49% [22] . In another study by M.S. Morsy et al. (2010) , it was declared that incorporation of up to 6 wt. %nano clay increases the compressive strength of blended mortar by 18% in comparison with the plain mortar. Chloride penetration resistance of the mortar isalso 116 Nanomaterials improved due to the reduced diffusion coefficients of chloride anion. The electrochemical impedance spectroscopy test indicated an increase in ionic transport resistance and decrease in electric capacitance in samples due to incorporation of nanoclay [23] . nano clay particles can retain water due to their high surface to volume ratio which can improve the hydration process during mixture [24] . In another study,nanoclayis reported as a fairly good pozzolanicmaterial. The microstructure of Portland cement composite containing nanoclay is denser with more stable bonding structures [25] . SEM tests indicate that specific surface area of this particle is the key factor for denser microstructure of samples [23] . Nano clay can also have an enhancing effect on recycled concrete. In a study by Yong et al. (2008) , it is revealed that nanoclay can restrain alkali-silica reaction which means recycled glass can be used as fine aggregates to save natural recourses of sand and stone. The glass concrete sheets showed better properties of tensile,flexural and interfacial bond comparing with to the textile reinforced concrete sheets with sand as aggregate [26] . Nano TiO 2 . TiO 2 nanoparticles show good qualities as nano admixture in concrete. In a study byNazari et al. (2010) it is found that the incorporation of up to 4 wt. % of TiO 2 enhances the compressive strength, split tensile strength and flexural strength of self compacting concrete (SCC)specimens [27] . The optimum amount of nanoTiO 2 is reported to be up to the maximum level of 2 wt%. The improvement in strength in concrete samples containing TiO 2 nano particles is reported to be due to more formation of hydrated products in presence of TiO 2 nanoparticles [28] As a result of acting as nanofillers and recovering the pore structure, nanoTiO 2 can improve the resistance to water permeability of concrete. The pore structure of samples containing TiO 2 shows improvement and the content of all mesopores and macropores is increased [27, 28] . In terms of chloride permeability, chloride penetration resistance is also increased in samples with TiO 2 .They reduce the general ionic permeability of the mortar [23] although the resistance increases with the decreasing content of nano-particles [29] .
Interms of hydration, as a result of increased crystalline Ca(OH) 2 amount , C-S-H gel formation is found to be accelerated in samples containing up to 4 wt. % nanoTiO 2 at early age of hydration [27, 28] . In a study by Jayapalanet al. the surface area provided by nano-TiO 2 particles is reported to be the reason for the accelerating effect [30] .An increase in the heat of hydration at the early stages is also reported which is proportional to the percentage addition and the fineness of TiO 2 [30] .
Incorporation of TiO 2 nano particles has shown unique properties in durability. Fire resistance [31] , selfcleaning [32] ,air cleaning [33] , cooling system [32, 33] are new approaches in durability which can be achieved through incorporation of TiO 2 nano particles in concrete industry.
Conclusion
As a new approach in building material science, nanotechnology plays leading part to enhance both mechanical properties and durability of high performance concrete. Compressive strength, flexural strength as well as split tensile strength are improved by incorporation of nano particles namely nano silica, nano clay, nano TiO2 and carbon nanotubes. As for microstructure of concrete, nano particles prove to be influential on denser and less porous structure which increases the resistance to chemical attacks, carbonation and decreases chloride permeability. In terms of reinforcement, CNTs can bridge the voids and decrease micro cracks and improve elastic modulus and strength in concrete. Still other characteristics of nano particles such as anti bacterial, self cleaning, air depolluting and air cooling qualities should attach more attention to create a low impact building material as well as an environmentally effective solution. Incorporation of nano particles with other mineral admixtures also can decrease the amount of cement being used in concrete by enhancing the reactivity of different fillers .Using industrial or agro waste as aggregates such as glass, scrap tires or agricultural shells could be food for thought for experts to create a no waste ecology for human beings.Other nano materials such as nano alumina,Cr 2 O 3 , CaCO 3 , Fe 2 O 3 , ZnO 2 , Nano copper and ZrO 2 have potentials to be used in concrete and more investigations should be done in this regard, Advanced Materials Research Vol. 364
